
Prediction and 
Transcriptomics
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Why Predict Transcriptome Levels?
• An endo-phenotype that concentrates a 

substantial proportion of non-coding 
association signal

• A gene-based (unit-based) test with an easy to 
interpret direction of effect

• A natural way to iterate between human and 
model systems where signals often come at 
the level of the gene



GTEx Data on eQTLs and Transcriptome Prediction
Cis-expression is NOT 
polygenic; 10’s not 
10,000’s of SNPs

Lasso yields prediction as good or better than 
other models; elastic net effectively matches that 
prediction quality but is not as parsimonious

Most genes have both 
local and distantly acting 
SNP predictors

Most eQTLs are within 50 kb of transcription 
start sites

The SNP with the largest effect on most genes’ 
transcript levels is sufficiently distant to be in no 
LD with variation in the gene

Genetic regulation of a 
gene’s transcript levels 
is often shared across 
cells/tissues

Local SNPs effects are more likely to be 
shared across cells/tissues; SNPs in distantly 
acting enhancers are often cell/tissue specific 



A Brief History of Transcriptome Prediction
Polygenic Risk Scores

Sparse Models
Sparse Models

Sparse Models within cell/tissue type

Sparse Models across cell/tissue 
type (β cell/tissue specific)

Sparse Models across 
cell/tissue type (β cell/tissue 
specific)

Sparse Models across cell/tissue 
type (β cell/tissue specific)
Sparse Models with local (<100kb) 
β = across tissues, distant β 
(>100kb, <1Mb) cell/tissue specific

Sparse Models with local 
(<100kb) β = across tissues, 
distant β (>100kb, <1Mb) 
cell/tissue specific



A Brief History of Transcriptome Prediction

• Improvement is greatest for 
cells/tissues/genes in which we had the 
least power in original investigations

• Genes formerly characterized as not having 
eQTLs often have substantial numbers of 
eQTLs when we borrow strength for 
prediction across tissues



Can we use PheRS in 
conjunction with genetically 

predicted expression of genes 
to identify candidate genes for 

Mendelian diseases? 



AND
Population of N 
individuals, with 
np the number 
with phenotype p

VACTERL: at least 3 of…
vertebral defects, anal atresia, cardiac 
defects, tracheo-esophageal fistula, 
renal anomalies, and limb abnormalities
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Calculating Phenotype Risk Score (PheRS) for VACTERL
Using SD-BioVU:
1) Identify all subjects with 
VACTERL diagnosis, or with 
“VACTERL” in physician notes
2) Read all notes to determine 
which patients have VACTERL 
as a diagnosis
3) Identify ICD codes 
significantly associated with 
true VACTERL diagnosis
4) Create PheRS with 
significantly associated codes
5) Deploy VACTERL PheRS in 
BioVU genotyped subjects



GReX Associated with VACTERL PheRS
Gene P Tissue
SNX25 8.39E318 ArteryAorta
UBE2W 8.39E318 Brain_Cerebellum
RPS17 8.39E318 Brain_NucleusAccumbensBasalGanglia
MYBL1 8.39E318 Liver
HLA_DQB1 8.39E318 Vagina
PCSK4 8.39E318 WholeBlood
HLA_DQA2 4.90E316 Spleen
HLA_DQA1 1.27E313 Vagina
DHODH 2.27E311 Prostate
ACTA2 3.60E309 SkinNOTSunExposed
POLQ 1.56E307 ArteryAorta
VSX1 1.56E307 Brain_Cerebellum
ZFYVE1 1.56E307 Brain_NucleusAccumbensBasalGanglia
LILRB4 1.56E307 WholeBlood
ACSL1 2.24E307 Adrenal



GREX associated with VACTERL PheRS
Gene P Tissue
SNX25 8.39E318 ArteryAorta
UBE2W 8.39E318 Brain_Cerebellum
RPS17 8.39E318 Brain_NucleusAccumbensBasalGanglia
MYBL1 8.39E318 Liver
HLA_DQB1 8.39E318 Vagina
PCSK4 8.39E318 WholeBlood
HLA_DQA2 4.90E316 Spleen
HLA_DQA1 1.27E313 Vagina
DHODH 2.27E311 Prostate
ACTA2 3.60E309 SkinNOTSunExposed
POLQ 1.56E307 ArteryAorta
VSX1 1.56E307 Brain_Cerebellum
ZFYVE1 1.56E307 Brain_NucleusAccumbensBasalGanglia
LILRB4 1.56E307 WholeBlood
ACSL1 2.24E307 Adrenal
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What Biobanks Do Uniquely Well
Tennesee Biobanks
Special Recipe:

Rare Coding 
Variants or 
Function-rich
-Omics

Phenome!
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